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ABSTRACT

Tantalum pent oxide thin films are used as dieledayers for capacitors, gate insulating
layers for MOSFETS, RF MEMS switches, etc. Chargeiers transport mechanism and
charge storage in insulating layer are importarapaters for the application in these devic-
es. Ta0s films show good electrical and dielectric propestior considered applications and
low leakage current density value 4%B0cm? for the electric field 2 MV/cm. Dominant
mechanism of charge carriers’ transport is ohmitdaction for the low electric field, while
Pool-Frenkel mechanism become dominant for elet#ld in the range 1 to 2.5 MV/cm.
Tunneling current component is comparable with Hwehkel current component or be-
come dominant for electric field higher than 2 Miwat temperature lower then 200 K.

1. INTRODUCTION

A tantalum capacitor consists of metallic Ta ana®morphous T&s insulating layer
produced mostly by anodic oxidation, and semicotmudnO, cathode. Capacitor structure
can be in the first approximation considered agleal metal-insulator-semiconductor (MIS)
structure [1 to 3]. Charge carriers transport meidma and charge storage in insulating layer
are important parameters for the application ins¢helevices. T8s films show good
electrical and dielectric properties for considewgaplications and low leakage current
density value 4x18A/cm? for the electric field 2 MV/cm. Dominant mechanisihcharge
carriers’ transport is ohmic conduction for the lalectric field, while Pool-Frenkel
mechanism become dominant for electric field in thege 1 to 2.5 MV/cm. Oxide film
contains oxygen vacancies with concentration of tleder of 16%cm’.
They act as donors - deep traps which are chargadgdthe electric field application.
Before VA characteristic measurement these traperevbischarged. MIS structure model
for tantalum capacitors with manganese dioxideamittan be modified on the base of this
leakage current analysis.

2. EXPERIMENT AND DISCUSSION

Experimental analysis in wide temperature rangegia® information on different current
components as ohmic, Poole-Frenkel and tunnelind. dhiaracteristics measured for
tantalum capacitors from different producers innmalrmode (Ta electrode is positive) and



the temperature range 250 to 400 K were analyzlee.tilickness d of the insulating layer
for capacitors of producer A and B are in the ratige30 to 33 nm. We will use value of
relative permittivitye, = 27 for Ta0s prepared by anodic oxidation. For the capaCity 150
UF we obtain electrode ar@a= 211 c.
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Fig. 1. VA characteristics of capacitor
MK — 03 in normal modeT = 250 - 400 K

VA characteristics of capacitor MK - 03 in nornmabde for temperature range from 250
to 400 K are shown in Fig.1. It is clear from Figlat leakage current increases with
increasing temperature.
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Fig. 2. VA characteristic of capacitor MK — 03 in normabde, T = 400 K
The leakage current vs. applied voltage dependesnt®e approximated by equation:

1(t) = GoU + Gyl expd B /U )+ G U exU; /U), (1)

Where G, is ohmic conductivityGp is Poole-Frenkel conductivitypr is Poole-Frenkel

coefficient, Gy is tunneling current constant, exponentlepends on the potential barrier
profile (a = 0 to 2), andJy is a tunneling constant dependent on the baregghth and their



thickness. Poole-Frenkel coefficient is given by:

B. = (€81 7E,£,d) 2 IKT, ?)
whered is the isolating layer thickness afds relative permittivity.

Ohmic and Poole-Frenkel current components areniér activated, while the tunnelling
current component is temperature independent ksvdtom [2]

U, = @m/2m’ /3eh(ed,)™t,, 3)

Wherem is effective electron mass,= 6.6x10%* Jsis Planck constant andzgis the bar-
rier energy ireV, andt, is effective thickness of potential barrier.
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Fig. 3. Leakage current vs. applied voltage for capadit03 in normal modeT = 300 K

We have observed that the leakage current is givesiominantly by the ohmic and Poole-
Frenkel mechanism for the temperature higher tl##nk3as is shown in Fig. 2 and Fig. 3.
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Fig. 4. Leakage current vs. applied voltage for capadti03 in normal modeT = 250 K



For the temperature 250 K the tunneling curreobrsparable with Poole-Frenkel current
component for applied voltage 8 V as is shown m Ei In this case the applied electric
field strengthE is greater than 2.5 MV/cm.

To describe the quality of insulating layer we wjive the dependence of current densi-
ty as function of electric field strength which shown in Fig.5. For capacitor
MKO3 we have maximum value of electric field strtdng = 1.9 MV/cm at rated voltage
U = 6.3 V. It is known [3] that breakdown voltage arhorphous T#&s insulating layer
produced by anodic oxidation g = 4 MV/cm. Using this value of break down voltage
we can use this capacitor up to 12 V of rated gelta
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Fig. 5. Current density vs. electric field strength fopaeitor MKO3 in hormal modd, = 300 K

Poole-Frenkel coefficienffer depends on temperature, insulating layer thickreass
relative permittivity. From temperature dependeat@sr we can find value of insulating
layer thickness or relative permittivity. Poole-Rkel coefficientS-r computed from our
experiment in temperature range from 250 to 406 ghown in Fig. 6.
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Fig. 6. Poole-Frenkel coefficiegbr vs. reciprocal temperature for two different cajuss
MK — 03



From the slope we have for insulating layer thidgte= 33.6 nm that relative permittivity
is in the range, = 25 to 31.

3. CONCLUSIONS

The leakage current value for the various tempezatand applied voltage are fre-
guently used as the reliability indicator for tdata capacitors. Leakage current provides
information on the insulating layer thickness hitanogeneity and the number of defects in
tested sample. In the insulating layer there afeatie which are responsible for the value
and time evolution of the leakage current. The dgakcurrent is a result of the random
process of charge carrier transport and its DC corapt gives then information about the
first statistical moment of this process.

1. Experimental analysis in wide temperature rangegbaminformation on different cur-
rent components as ohmic, Poole-Frenkel and tumediis clear that leakage current in-
creasing temperatur©hmic and Poole-Frenkel current components aremiér acti-
vated, while the tunnelling current component mperature independent.

2. We have observed that the leakage current is givedominantly by the ohmic and
Poole-Frenkel mechanism for the temperature higtem 300 K. For the temperature
lower than 250K the tunneling current is comparatité Poole-Frenkel current com-
ponent for applied voltage higher than 8V.

3. To describe the quality of insulating layer we gikie dependence of current density as
function of electric field strength. For capacitdik03 we have maximum value of
electric field strengtlie = 1.9 MV/cm at rated voltage = 6.3 V.
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